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Abstract 
This study assessed the status of oil spill induced stress in the vegetation in Lagos and Ogun States, in the South West of 
Nigeria. The locations of oil spill impacted areas were identified on the field using information from the locals and a 
Global Positioning System with an accuracy of ± 5m and subsequently identified on the 5 m resolution RapidEye satellite 
image of 2009 and 2011. Field spectra were collected using Analytical Spectral Device (ASD) Handheld2 Spectrometer. 
The results showed varying spectral measurement of the impacted and the control. Indices were then used to distinguish 
less stressed from stressed vegetation which were statistically higher at F-ratio 4.825 (p < 0.01) and 3.194 (p < 0.01) in 
Lagos State; and 4.564 (p < 0.01) and 2.731 (p < 0.1) in Ogun State. It was concluded that oil spill had changed the 
spectra characteristics of impacted vegetation. 
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The pollution of the ecosystem from oil spills is of great concern. It has the capacity to degrade the 
ecosystem. It was observed by [1] that hydrocarbon seepage influences the soil and the vegetation around 
hydrocarbon seeps. According to [2], oil can be spilled in coastal areas and on land due to its production and 
transportation processes which causes the water bodies, air and land to be polluted. Also, [3] noted that a 
severe oil spill could have a devastating impact given the variety of river systems from floating meadows to 
swamp forest to oxbow lakes to sand bars that would be affected. Mangrove vegetation which is the common 
plant species found in the coastal areas can be polluted by oil spill, thereby making the vegetation stressed in 
several ways. It was reported by [4] that obvious signs of mangrove stress occurs usually within the first two 
weeks of an oil spill event, and these signs can be seen in a number of ways such as chlorosis and defoliation 
to tree death. Previous study in Australia after the Era spill in 1992 found a consistent set of mangrove 
responses including leaf staining, chlorosis, leaf death, and complete defoliation; and there is a correlation 
between the degree to which the mangroves were damaged, the extent that they recovered from spill damage 
and the extent of oiling [5]. In spectral reflectance measurement, the reflected light can be measured as a 
percentage of the incident light at different wavelengths across an entire electromagnetic spectrum. The 
spectrum spans from the cosmic, gamma, X-rays, ultraviolet, visible, and near infrared, far infrared, 
microwave and the long radio wavelengths.  The reflectance of a leaf is determined by its surface properties, 
internal anatomical structure and biochemical content [6]. This study therefore focused on assessing the 
spectra characteristics in the spectral reflectance of polluted and unpolluted vegetation from oil spillage. 
2. Materials and Methods 
This study area  (Fig.1) is located in Amuwo-Odofin Local Government Area of Lagos state and Obafemi-
Owode Local Government Area of Ogun states  (fig.1) which lie in the south-western Nigeria, within latitudes 
6e22'00" and 6e36'00ą N and longitudes 2e44'00" and 3e26'00"E. Field study was carried out in 2012 
on three identified impacted areas of 30 m by 30 m each in Lagos and Ogun states and was mapped out (fig. 
2). Control plot in each of the states was established in undisturbed vegetated areas away from but 
perpendicular to the source of oil spill, the pipeline.  
 
     (a) 
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 (b) 
            
Fig. 1(a) Map of the Study Area;    (b) Identified Impacted Areas 
These fields were measured for spectra reflectance and relative chlorophyll content present in the 
vegetation leaves, using the Analytical Spectral Device (ASD) Field Handheld2 Spectrometer with a 
wavelength range of 325-1075 nm, an accuracy of ±1 nm and a resolution of <3 nm at 700 nm. The sensor, a 
1.5 m long fibre optic with 10° field of view, was held approximately 1 m above the plant surface. At every 
10 minutes, reference measurements were taken of the White Spectralon Panel for the internal calibration of 
the instrument. Each spectrum in a transect is an average of 10 samples, while five transect measurement were 
averaged to a single measurement per plot to compensate for differences in reflectance owing to varying leaf 
angles [7]. Spectral measurements were in the morning in sunny weather. Since leaf pigments are important 
determinants of reflectance in the visible and near infrared wavelengths, some vegetation multispectral were 
used (table 1) to estimate its content or health status. These vegetation indices operate by contrasting intense 
chlorophyll pigment absorptions in the red against the high reflectance due to multiple scattering in the near 
infrared [8].   
Table 1 Spectral Indices Used for this Study 
Vegetation Index Formular  Reference 
Normalized Difference Vegetation Index (NDVI) (band 4-band 3)/(band 4+ band 3) 
  Wavelength: 805/658  
[9]   
 
RedEdge Normalized Difference Vegetation Index 
(NDVI RedEdge) 
 
(NIR-RedEdge)/(NIR+RedEdge) 
750/705 
 
[10] 
Ratio Vegetation Index (RVI) RVI= NIR/Red 805/658 [11]   
 
Soil Adjusted Vegetation Index (SAVI) 
 
((NIR-red)/ (NIR+red+L)) (1+L) 
L=0.5.    850/657 
 
[12]  
 
Vogelmann Red Edge Index 1 
 
VOG1= R740/R720 
 
[13]  
R- Reflectance 
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The image study involved RapidEye image of 5 m resolution covering Lagos and Ogun states for 2009 and 
2011. Rapid Eye’s acquires image data in five different spectral bands; each one with a geometric pixel 
resolution (or ground sampling distance, GSD) of 6.5m (at nadir) within a wavelength of 440 nm - 850 nm of 
the visible and near- infrared region of the spectrum. These images were acquired and processed to enable 
radiance measurement in ENVI 4.7 software. In analysing the RapidEye images, three vegetation indices 
NDVI, RVI and RedEdge were used for measurement computation from the midpoint wavelength of the Red, 
RedEdge and NIR bands which 657 nm, 710 nm and 850 nm respectively. Since the ground measurement was 
30 m by 30 m for each plot, an estimated 6 pixels within the identified target was selected (fig. 2). 
Measurements were taken in each pixel and averaged to have a representative measurement per plot. 
Although the conditions for acquiring in-situ and image measurement data are slightly different, they can be 
scientifically compared. Also, to compare the image and field data and ensure standards in the measurements, 
the field data were resampled by averaging intermediate points to match the satellite sensor bandwidth. 
3. Result 
In the field study conducted in 2012, six impacted plots had a total area extent of 5, 400 m² and the control 
plot, 1, 800 m². Spectral measurements of the vegetation in the entire eight plots were extracted to within 
optimal band wavelength of 658 nm, 685 nm, 705 nm, 720 nm, 740 nm, 750, 805 and 850 nm from the 
visible, red edge and NIR were used to evaluate the changes in their spectra (table 2). Spearman’s rank 
correlation test was used to analyse the field measurement to determine the relationships between the spectral 
indices and the Chlorophyll content in the plots and the control. The result showed that all  the indices had 
some form of positive statistical correlation; however, only indices with correlation coefficients of 0.5 and 
higher were observed in plot B of Lagos and plots B and C of Ogun state at p>0.01 (table 3). Furthermore, the 
highest occurring spectral indices from the result of the Spearman’s correlation (RedEdge and VOG1) were 
selected and used in the Analysis of Variance (ANOVA) to find out if there was any significant difference 
between less stressed and healthier vegetation or whether they were able to distinguish relatively healthy from 
relatively unhealthy vegetation. The result returned the best ratio that significantly differed between less 
stressed (control) and more stressed (impacted) plots. RedEdge and VOG1 indices had an F-ratio of 4.825 and 
3.194 respectively at p<0.01 for Lagos while that RedEdge indices for Ogun was 4.564 at p<0.01 and 2.731 at 
p<0.1 for VOG1. 
 
Table 2 The Field Spectral Indices Measurement in 2012 
LAGOS      NDVI      RVI  RedEdgeNDVI VOG1    OSAVI 
PLOT A 0.445184 2.604799 0.346824 1.775687   0.402115 
PLOT B 0.454531 2.66657 0.326475 1.829669 0.413583 
PLOT C 0.60395 4.049872 0.454662 2.045696 0.68518 
CONTROL 
 
0.78792 
 
8.430383 
 
0.55161 
 
2.210485 
 
1.037248 
 
 
OGUN 
PLOT A 0.856765 12.96305 0.677158 2.952031 1.197078 
PLOT B 0.812048 9.641019  0.632467 2.793848 1.091589 
PLOT C 0.825401 10.45484 0.596376 2.690833 1.133354 
CONTROL 0.873838 14.85268 0.69597 2.949498 1.203868 
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Table 3 Spearman’s rank correlation analysis for relating indices with chlorophyll content for the field data at p>0.01, rho – correlation 
coefficient. 
INDICES           rho   INDICES        
   
rho 
LAGOS- PLOT A OGUN- PLOT A 
RedEdge NDVI 0.31 OSAVI 0.37 
VOG1 0.31 VOG1 0.31 
PLOT B PLOT B 
NDVI 0.49 RedEdge NDVI 0.71 
RVI 0.49 NDVI 0.66 
OSAVI 0.49 RV1 0.66 
PLOT C OSAVI 0.6 
RedEdge NDVI 0.43 PLOT C 
VOG1 0.43 NDVI 0.77 
RVI 0.77 
RedEdge NDVI       0.6 
OSAVI       0.6 
VOG1     0.83 
NB: Only indices with a correlation coefficient of 0.3 and higher are listed 
 
The image spectral measurement revealed a general decline in the chlorophyll content from 2009 to 2011 
in both Lagos and Ogun States. Also it was observed that the general percentage rate of change (negative) in 
the indices from the 2009 image to 2011 image is higher in Lagos compared to that of Ogun (Table 4). This 
indicates that there are more spectra changes in the vegetation of Lagos compared to that of Ogun. Since there 
is a positive relationship between band indices and chlorophyll content, ANOVA was used to determine the 
relationship between the chlorophyll content and pollution level in the impacted plots. The result showed that 
there is a direct relationship between different pollution levels and the chlorophyll content which was 
statistically significant at p<0.001.  
Table 4 Image Measurement and Rate of Change from Image 2009 to Image 2011 Within the Same Wavelength 
 LAGOS 2009  LAGOS 2011                     RATE OF CHANGE    
 NDVI RVI 
REDEDGE  
NDVI NDVI RVI 
REDEDGE 
 NDVI 
   % 
change       
   NDVI 
%  change  
RVI 
        % change       
 RedEdge NDVI     
PLOT A 0.563668 3.583664 0.561507 0.519239 3.160075 0.277951 -7.88201 -11.82 -50.499 
PLOT B 0.697274 5.606635 0.436115 0.41016 2.390748 0.194492 -41.1767 -57.3586 -55.4035 
PLOT C 0.742622 6.770667 0.446724 0.398007 2.322296 0.160507 -46.4052 -65.7006 -64.0701 
CONTROL 0.78217 8.181481 0.629657 0.579516 3.756426 0.352408 -25.9092 -54.0862 -44.0318 
 OGUN 2009  OGUN 2011    RATE OF CHANGE  
 NDVI RVI 
REDEDGE 
 NDVI NDVI RVI 
REDEDGE  
NDVI 
% 
change     
NDVI 
% change 
RVI 
        % change       
 RedEdge NDVI     
PLOT A 0.760931 7.365782 0.302216 0.639405 4.546392 0.28086 -15.9707 -38.2769 -7.06669 
PLOT B 0.796105 8.808955 0.388053 0.725684 6.290865 0.348621 -8.84564 -28.5856 -10.1613 
PLOT C 0.78068 8.119114 0.373477 0.707461 5.836689 0.346928 -9.37896 -28.1117 -7.10855 
CONTROL 0.804892 9.250729 0.541788 0.793198 8.671088 0.46395 -1.45285 -6.2659 -14.3669 
 
Fig 2(a), shows a negative rate of change in percentage for all the indices in the entire plots in 2009 as 
against to 2012. This indicates a reduction in the chlorophyll content of the vegetation from 2009 to 2012 for 
Lagos in  all the three indices. While Fig 2(b), shows that there is a positive rate of change for the NDVI and 
RVI indices in plot A and the control plot only in Ogun State.  
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        (a) 
 
 
                           (b) 
Fig 2 (a) Change rate for Lagos between 2009 and 2012; (b) change rate for Ogun between 2009 and 2012 
4. Discussion and Conclusion 
This study investigated the changes in the spectra from the reflectance measurements from wavelengths 
selected from the bands in the Visible, Red, RedEdge and NIR to the estimate the chlorophyll content of 
polluted and unpolluted vegetation.  The findings of this study revealed that there were changes in the spectra 
reflectance measurement of vegetation sampled polluted plots and its control. Plots that were polluted by oil 
spill had less value probably because it is the pigments in leaf that determines the reflectance of vegetation; 
thus, the concentration of different pigments can be directly related to its physiology. This is in agreement 
with the findings of [14] and [15] who reported that the pigment content can be statistically linked with 
reflectance data as well as used for automated and objective plant monitoring, plant condition, quantity of 
biomass and pigments. From the results of the field and image data analysis, there were variations in the 
spectral indicators most sensitive to chlorophyll content among the plots and the control in both Lagos and 
Ogun States. Also, it was observed that the vegetation (more of mangrove) in Lagos was more polluted than 
that of Ogun. This could be as a result of the location. Lagos is located in the coastal areas where water can 
easily transport pollutants to vegetation compared to Ogun state which is further inland. This finding is in 
agreement with [16], who noted that each coastal ecosystem has different susceptibilities to contamination.  
In conclusion, this study has shown that oil spill pollution changes the spectra of vegetation by reliably 
measuring the reflectance spectrum in both coastal and inland areas.  
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